Chlamydial infections of the urogenital tract are frequently asymptomatic but can result in severe complications, particularly in women. Although Chlamydia trachomatis preferentially infects the columnar or transitional epithelium, this microorganism can also induce more invasive infections causing FitzHugh-Curtis syndrome (8) . Progression and complications induced by ascending C. trachomatis infections may depend on local immunologically mediated inflammation and fibrosis (6, 9, 11, 18) . However, little is known about the pathogenesis of this infection. We initiated infection of human mesothelial cells (MC) with C. trachomatis and studied proinflammatory, fibrinolytic, and procoagulant responses during one life cycle (24-to 72-h period).
MC were obtained from the omental tissue during a patient's elective abdominal surgery. The MC were isolated according to techniques modified from the work of Nicholson et al. (10) and Wu et al. (22) and cultured as described previously (23) . The identity of MC was demonstrated by the absence of von Willebrand factor staining (13) and the presence of intracellular cytokeratins by immunofluorescence with monoclonal antibodies (Dakopatts, Glostrup, Denmark) (5).
A C. trachomatis clinical urogenital isolate was used for all experiments. Strains were propagated on a buffalo green monkey (BGM) cell line with minimal essential medium with Earle's salts (Life Technologies Ltd., Paisley, Scotland) supplemented with 10% fetal calf serum. Confirmation of strain identity was performed with a monoclonal antibody (De Beer Medicals, Diessen, The Netherlands).
MC monolayers (second passage) grown to confluence in 48-well tissue culture plates were used for infection experiments. Heat-inactivated (30 min at 56°C) and ultracentrifuged (2 h at 100,000 ϫ g) C. trachomatis suspensions were also investigated. MC monolayers incubated with 500 and 100 l of sucrose-phosphate-glutamic acid (SPG) served in all experiments as the control medium. After 24 h the conditioned medium was collected and centrifuged (800 ϫ g). The supernatants were stored at Ϫ70°C for immunoassessment. Fresh supplemented M-199 was added to the MC monolayers at 24 and 48 h after initial infection. For quantification of infection, cells were fixed for 30 min in absolute methanol-acetone, air dried, and stained by fluorescein-conjugated murine monoclonal antibodies and examined microscopically for inclusions. The number of inclusion-forming units was counted in 10 random fields at a ϫ200 magnification. MC toxicity was assessed by examining the monolayers under phase-contrast microscopy and by measurement of lactate dehydrogenase activity (2, 4) . Interleukin 1␤ (IL-1␤) and IL-8 were detected by an enzymelinked immunosorbent assay (Pelikine-compact; Central Laboratory of The Netherlands Red Cross Blood Transfusion Service, Amsterdam, The Netherlands). Quantification of PAI-1 activity was also determined in the same supernatants by means of an enzyme-linked immunosorbent assay (Spectrolyse; Biopool, Umea, Sweden). Determinations were done in duplicate, while all experiments were performed in triplicate. Procoagulant studies were performed in 48-well tissue culture plates at 37°C and assayed as described previously (21) . Tissue factor (TF) expression was quantified as the amount of pM factor Xa formed per minute by 10 5 MC compared with the amount formed in the control medium (100%).
Results are expressed as means and standard deviations (SD). The data were subjected to statistical analysis by the paired two-tailed Student t test, where groups were compared with the control.
Susceptibility and cell damage of MC monolayers. MC were highly susceptible to infection with C. trachomatis. Significant cell injury occurred 72 h after initial infection for nondiluted (1:1) and diluted (1:5) chlamydia suspensions (data not shown). Therefore, a 1:10 dilution of the chlamydia stock solution was used in all subsequent experiments. The actual infection percentage of MC monolayers after 48 h of incubation with a 1:10-diluted stock solution of C. trachomatis was comparable to that of the standard BGM cell line, i.e., approximately 17% (30 inclusion bodies per 500 MC at a ϫ200 magnification).
IL-1␤ and -8 production by human MC. Unstimulated cultured MC monolayers released small amounts of IL-1␤ (28.2 Ϯ 7.4 pg) and IL-8 (1.38 Ϯ 0.2 ng) during incubation with control medium (M-199 with 0.2% SPG). When MC were cultured with viable chlamydiae, IL-1␤ concentrations in the supernatants reached maximal levels 72 h after initiation of cultures (78.9 Ϯ 13.5 pg) (Fig. 1) . The release of IL-8 in response to infection with a 1:10-diluted stock of C. trachomatis rose significantly above background levels after 24 to 48 h (2.0 Ϯ 0.4 ng) and rapidly increased after 48 to 72 h (11.9 Ϯ 3.9 ng) of incubation. Heat-killed chlamydiae were ingested by MC, and no intracellular growth was observed (Fig. 2) . Figure 1 also indicates that heat-killed C. trachomatis significantly enhanced the amount of IL-1␤ 0 to 24 h after initial infection and failed to induce the amount of IL-8 during the 72-h period.
Procoagulant and antifibrinolytic activities of human MC. Without cells or without one of the clotting factors (VII or X), no Xa was formed. As a positive control we used phorbol myristate acetate (10 ng/ml). Forty-eight hours after initial chlamydial infection, TF expression was significantly induced. Compared to the level of TF expression in the negative control, a 1.5-fold increase was observed (Fig. 3) .
The supernatants from unstimulated, noninfected, and infected MC monolayers were assessed for fibrinolytic activity by enzyme-linked immunosorbent assay. In response to IL-1␤, plasminogen activator inhibitor 1 (PAI-1) activity of MC monolayers was altered directly after stimulation. This response continued 48 and 72 h after initial stimulation. Kinetics of chlamydia-induced PAI-1 activity were different from those of the IL-1␤-induced response and were significantly enhanced only in supernatants obtained 72 h after initial infection (Fig.  4) .
Local immune system activation by C. trachomatis, and not the infection per se, may be responsible for the tissue damage and fibrosis seen in chlamydia-associated infections. C. trachomatis has a very limited host range in vivo and appears to be exclusively a parasite of squamocolumnar epithelial cells. In this study, MC, obtained from human omental species, showed themselves to be very sensitive host cells in vitro. Their inflammatory response after primary inoculation with Chlamydia spp. in vivo is characterized by infiltration with neutrophils and cytokine secretion in the acute phase (3, 12, 14) . During inflammatory events, MC are activated either directly by bacterial products or by cytokines secreted by peritoneal cells and they release inflammatory mediators, such as IL-1 (7). The mesothelium is also involved in the process of transmesothelial migration of neutrophils, via synthesis of IL-8 (20, 23) . The results of this study show induction of IL-8 production by MC at the onset of infection with C. trachomatis. We suggest that the chemoattractant IL-8, produced at serosal surfaces, is responsible for the neutrophil influx that occurs during invasive chlamydial infection. Epithelial cells may be an important source of IL-8 during the initial urogenital infection (1) . Recently, Rasmussen and coworkers showed increased production of proinflammatory cytokines by epithelial cells in response to chlamydial infection (16) . It can be hypothesized that chlamydial inclusion results in endogenous production of IL-1␤ by MC, which might activate neighboring cells and thus spread the peritoneal inflammatory response. Heat-killed chlamydiae induced IL-1␤ production after 0 to 24 h only slightly, and this may be explained by activation in response to the outer membrane of C. trachomatis or to ingestion of the heat-killed chlamydiae, which we observed after staining with monoclonal antibodies. In contrast, Rothermel et al. (17) observed no uptake of heat-killed chlamydiae by monocytes and found that inactivated chlamydiae induce IL-1 production of monocytes as effectively as viable chlamydiae. In our experiments heatkilled chlamydiae failed to initiate prolonged production of IL-1, a prerequisite for initiation of the inflammatory cascade.
Local cytokine production during infection may play an important role in modulating host defenses against C. trachomatis. The formation of fibrin is mediated via local coagulation and fibrinolytic pathways. If coagulation is activated, TF expression on the cell membrane initiates activation of the extrinsic pathway (directly activating factor VII, which subsequently activates factor X) (15) . The fibrin clot formed is susceptible to lysis by tissue plasminogen activator. The process is inhibited when tissue plasminogen activator is blocked by PAI-1. This reduction in peritoneal fibrinolytic activity, which occurs after injury or inflammation, is associated with adhesions (19) and may facilitate, e.g., postinfectious tubal infertility. We demonstrated induction of TF expression by MC monolayers in the early stage of infection with C. trachomatis. High levels of TF were detectable after 48 to 72 h of incubation. Upregulation of TF expression can be due to both activated inflammatory responses and interaction of the intracellular parasite with MC cytoplasmatic systems. Infection of MC monolayers with C. trachomatis resulted also in enhanced activity of the inhibitor of fibrinolysis, PAI-1.
In conclusion, this study demonstrates that, after initial chlamydial infection, local proinflammatory responses and procoagulant activity are enhanced but that fibrinolytic activity is inhibited. Heat-killed chlamydiae failed to induce a prolonged IL-1 response, probably due to ingestion by MC. These data further stress the pivotal role of local immune system activa- 
